A study of the interplanetary sector structure at heliographic latitudes up to 16øN is reported. The study is based on magnetic field measurements made on board Pioneer 11 as the spacecraft traveled along the post-Jupiter-encounter trajectory. Preliminary measurements are used to determine the dominant polarity of the interplanetary magnetic field during 43 successive solar rotations including Pioneer's ascent to its maximum latitude and motion inward from 5 to 3.7 AU. As the latitude of Pioneer increased, the dominant polarity became continually more positive, corresponding to an outward-directed solar interplanetary field. When the spacecraft reached the highest latitude, the usual sector structure had essentially disappeared. A histogram of the field longitude angle, based on data acquired during 1 month at 16 ø latitude, shows an almost total absence of inward-directed fields. A comparison with interplanetary field polarities in the ecliptic, as inferred from geomagnetic field variations, rules out the possibility that a time variation rather than a latitude dependence is responsible. The Pioneer 11 observations imply that the boundary between adjacent sectors corresponds physically to a current sheet surrounding the sun and lying nearly parallel to the solar equatorial plane. Above this current sheet, in the northern hemisphere, the field polarity at this phase of the solar cycle is outward, and below the current sheet, in the southern hemisphere, it is inward. The Pioneer observations confirm earlier theoretical suggestions regarding the existence and equatorial orientation of this current sheet. The properties of the current sheet and some major implications and questions associated with it are discussed. It is shown that the radial component of the sheet current is compensated by the distributed currents in the northern and southern hemispheres associated with the spiraled interplanetary field.
INTRODUCTION
The sector structure of the interplanetary magnetic field is known to exhibit a dependence on heliographic latitude [Rosenberg and Coleman, 1969] . On any given day, the spiral interplanetary field tends to point away from the sun (positive polarity) or toward the sun (negative polarity). The polarity is likely to remain constant for an interval of days to weeks, and this interval then constitutes a so-called magnetic sector. During one solar rotation of 27 days, two, four, or occasionally six sectors of different polarities and different widths are observed. Near the solar equator the number of days during which the polarity is positive tends to equal the number of days during which the polarity is negative.
Above and below the solar equator one or the other of the two polarities tends to dominate. During the present solar cycle, when the observing station is at northern heliographic latitudes, the dominant polarity tends to be positive, i.e., the same as the polarity of the magnetic pole in the northern solar hemisphere. Conversely, in the southern hemisphere the interplanetary field tends to have the same sign as the south magnetic pole of the sun. This dependence of polarity on heliographic latitude and the association of the polarity with the solar field [Rosenberg and Coleman, 1969] have been demonstrated to have existed during the past four solar cycles [Wilcox and Scherrer, 1972] . The dominant polarity is known to reverse sign when the sun's poles change polarity about 2 years after sunspot maximum. Previous analyses of Pioneer 10 data have revealed essentially the same dependence on heliographic latiCopyright ¸ 1978 by the American Geophysical Union.
tude at large heliocentric distances [Rosenberg, 1975; Rosenberg et al., 1977] .
In the past, observations of the sector structure have been limited to a hellographic latitude of q-7.25 ø because spacecraft trajectories have consistently been in or near the ecliptic. The technique of inferring the interplanetary sector structure from ground-based observations of magnetic variations at high geographic latitudes, which has been useful in supplementing the spacecraft observations, is obviously subject to the same limitations.
The postencounter trajectory of Pioneer 11, which is now en route from Jupiter to Saturn, takes this spacecraft to much higher latitudes than have been previously explored. We have conducted a study of the sector structure during the ascent of Pioneer 11 to a maximum heliographic latitude of 16 ø. The results of this study are presented below.
The principal scientific issue involved in these observations can be phrased as follows: What is the spatial orientation of the boundary between adjacent sectors? Do the sector boundaries tend to be oriented along the solar meridian, i.e., in an axial, verticdl, or north-south direction? Or do sector boundaries have an equatorial orientation, i.e., lie in a horizontal or east-west direction? Since sector boundaries correspond physically to a relatively thin current sheet, an equivalent question is, How is this current sheet oriented? Two basically different current sheet models have been invoked to account for the observed sector structure. In one, the current sheet has been visualized as lying in the north-south direction so that the sectors form wedges (hence the 'orange slice' model) extending to at least 40 ø or 50 ø heliographic latitude.
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A near-equatorial current sheet has also been advocated.
When the four-sector structure was first observed, H. Alfv6n (personal communication, 1965) immediately interpreted it in terms of successive penetrations of a current sheet encircling the sun and lying near the solar equator but distorted or warped somewhat by flutes or folds. Following the discovery of the latitude dependence, Rosenberg [1970] promoted the idea that the fields in the positive and negative sectors originated in the northern and southern hemispheres of the solar photosphere, respectively. Schulz [1973] published the first theoretical elaboration of this concept, a model based on an essentially equatorial current sheet that was tilted or warped by azimuthally asymmetric moments of the sun's magnetic field.
Observations at higher latitudes can help us choose between these two models. If sector boundaries are meridional, the sector structure should persist to high latitudes. If the hypothesis of an equatorial current is correct, the sector structure should disappear when the spacecraft is above the maximum latitudinal extent of the current sheet. The interplanetary field at these large heliocentric distances and relatively high latitudes has been monitored nearly continuously by the Pioneer 11 vector helium magnetometer. The magnetometer and other features of this experiment have been described elsewhere [Smith et al., 1975] . The magnetometer is a sensitive accurate instrument capable of measuring the three components of the weak interplanetary field at these large heliocentric distances. The raw data from the magnetometer are routinely provided by the Pioneer project to the investigators on magnetic tape. These data are then carefully reduced to obtain the field components and other parameters in an interplanetary coordinate system. After establishing that the interplanetary field had essentially a single polarity when Pioneer 11 was at high latitude, it was necessary to determine whether this result could possibly have been a time variation rather than a spatial variation. Near each of the past five solar cycle minima an interval occurred in which the polarity observed at earth was predominantly positive [Wilcox, 1972] . By coincidence, the Pioneer 11 observations were obtained near the current sunspot minimum, and there is additional incentive to consider the possible influence of time variations. Accordingly, the polarity of the interplanetary field near earth was studied during the same interval as that covered by the Pioneer 11 data. The comparison was based on the interplanetary field polarities inferred from geomagnetic field variations at high latitudes (as tabulated in the Solar-Geophysical reports). The fractional positive polarity P(+) obtained from the inferred polarity is shown in Figure 6 It can now be seen how the sector structure and its observed dependence on solar latitude originate. Evidently, the current sheet does not lie in the solar equatorial plane but must be tilted -• 15 ø relative to it. As the sun rotates every 27 days, an interplanetary spacecraft will, in general, penetrate the current sheet at two points. If the point of observation is on the solar equator, it will lie above the current sheet during one-half the solar rotation and below it during the other half. The intervals of inward and outward polarity will be equal. If the latitude of the observations is in the northern solar hemisphere, more time will be spent above the current sheet, giving rise to a dominance of the polarity above the sheet. The Pioneer 11 observations represent the extreme case in which the point of observation lies completely above the current sheet so that only outward-directed fields are seen.
As represented in Figure 7 , the current sheet is not rigid but contains warps or ripples. These additional deflections of the current sheet account for the appearance of four sectors, a commonly observed feature, or of six sectors, a feature observed occasionally. Some of these deflections are associated with long-lived solar features that persist for several rotations and which produce a system of troughs and ridges which spiral outward. In addition to these large-scale deflections, smallerscale ripples or flutes evidently also occur. The latter provide a simple explanation of the diffuse or multiple sector boundary crossings which are seen occasionally. Rosenberg et al. [1977] indicated that the sector structure would disappear at 17.6 ø. A recent analysis by Svalgaard and Wilcox [1976] suggested that the latitude at which the sector structure vanishes is actually dependent on the phase of the solar cycle and is least near solar minimum.
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Relation to Solar Magnetic Fields
The finding that interplanetary space is divided into two hemispheres with opposite magnetic polarities represents an Rosenberg and Winge [1974] as evidence that sector boundaries were tilted near the sun. Subsequently, Svalgaard et al. [1975] proposed that there is a progressive rotation of the warped photospheric sector boundary (the seam or magnetic equator) toward a more equatorial orientation as the magnetic fields are carried outward by the solar wind. Svalgaard and Wilcox [1976] attribute this rotation to an excess of magnetic pressure at the sun's poles as compared to that at the equator. A progressive rotation allows their highly inclined sector boundary to map into both the coronal disc and the equatorial current sheet.
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On the other hand, it is not necessary that the current sheet map back to a sector boundary of some sort at the sun. Obviously, current sheets are observed in the earth's magnetotail and in the Jovian magnetosphere without their being related to any feature corresponding to a sector boundary or neutral line on either the surface of the earth or Jupiter. By analogy, the interplanetary current sheet may correspond to boundaries between open and closed field lines in the northern and southern hemispheres. An attractive hypothesis is that such boundaries coincide in some sense with the coronal disc described above and that both are parallel to the solar magnetic equator.
There is also an alternative explanation for the large-scale deflection of the current sheet, namely, deflection by solar wind streams. If such streams originate above, or below, the solar magnetic equator, they could develop a component of flow near. the sun that is toward the current sheet and which, by impinging on the current disc, could give rise to a deflection either downward or upward, respectively. This supposition has the virtue that it can explain the observed tendency of solar wind streams to exhibit a dominant magnetic polarity and of sector boundaries to occur ahead of fast streams. It also has the interesting implication that the polarity of a given stream may be indicative of the solar hemisphere in which it originates. Such a suggestion appears compatible with the present concept that solar wind streams originate in coronal holes, since the latter are known to exhibit the dominant polarity of the solar hemisphere in which they originate [Bohlin, 1976] . In offering these suggestions we wish to acknowledge the participation of J. Wolfe.
Properties of the Interplanetary Current Sheet
The Pioneer 11 observations, in conjunction with observations with other spacecraft, have revealed many of the essential properties of the current sheet. One of the most impressive characteristics is the enormous distance to which the current extends into space. Near the ecliptic the current sheet has been observed as close to the sun as 0.3 AU by Helios and Mariner 10 and as far from the sun as 9 AU Oust inside the orbit of Saturn) by Pioneer 10.
The current sheet appears stable enough to extend throughout the hellosphere. The current sheet can apparently persist for intervals of 11 years without significant change. On the other hand, it takes the solar wind only about 1 year to reach 100 AU, the distance at which the heliopause is thought to be located [Axford, 1972] . If radial flow is essential to the existence of the current sheet, the latter may extend only out to the terminal shock, which is expected to develop well inside the heliopause. Another obvious mechanism which might termi- The foregoing equations assume that the fields are antiparallel on the two sides of the current sheet, although observations typically show some deviation from 180 ø of the angle between the two field directions [Smith, 1972] .
Near the sun the current is principally azimuthal much like a ring current. However, as the interplanetary field wraps up to form the Archimedes spiral,. the direction of flow in the current sheet must become progressively more radial. Beyond a few AU the current flow is essentially radial and, during this phase of the solar cycle, is away from the sun. The total current flowing outward from the sun, L, may be computed from the linear current density or, equivalently, from L = 2,rJrrz = 4,rBoro/# and is -• 10 •ø A. Evidently, the flow is away from the sun during one-half solar cycle of 11 years and then is inward from the next half cycle. Alfv•n [1977] has emphasized that the current must flow in a closed circuit and has questioned where it is that this current returns to the sun. He suggests that the return flow might be field aligned at high latitudes where it has not yet been ob- 
